By the introduction of the one-stage prothrombin test in 1935 Quick first devised a measure of the coagulation defect in liver disease (Quick, Stanley-Brown, and Bancroft, 1935) . He subsequently (1938) pointed out that failure to absorb vitamin K in obstructive jaundice or failure to synthesize prothrombin in disease caused by parenchymatous liver-cell damage was the cause of the prolonged one-stage test.
Following the expansion of knowledge of the plasma factors required for normal haemostasis, Owren (1949) and Stefanini (1951a) have noted that in chronic liver disease there is a depression not only of true prothrombin but also of factor V and factor VII. Owren (1949) has drawn attention to the bad prognosis that may attend severe depression of factor V in hepatitis.
This paper presents the investigation of the haemostatic mechanism in a number of patients with liver disease.
Methods
The newer techniques were used, namely, the Quick one-stage test, giving the " Quick time " (Dacie, 1950) ; the prothrombin-consumption test (Merskey, 1950) ; the thromboplastin-generation test (Biggs and Douglas, 1953b) ; and the two-stage prothrombin test for estimation of " true " prothrombin (Biggs and Douglas, 1953a) .
Factor V was assayed by a simplification of Stefanini's method (Stefanini, 1951b) . Factor-V-deficient plasma was prepared by incubating oxalated plasma at 370 C. for 36 to 48 hours. The "Quick time" of such a plasma is greatly prolonged and the shortening effect of the addition of freshly drawn standard normal plasma and the test plasma is shown in Fig. 1 . From comparison of the shortening effect of the test plasma at various dilutions with the curve produced by adding dilutions of normal plasma the factor-V level may be assayed (see legend of Fig. I for further details).
Factor VII was estimated by a method similar to that for factor V, except that the ability of the test plasma, at various dilutions, was compared with that of a freshly drawn standard normal plasma to correct the deficiency of plasma freshly drawn from a patient on "tromexan" therapy. It is necessary that the prothrombin time of the patient's plasma should be markedly prolonged.
Antihaemophilic globulin and Christmas factor were assayed by a method based on the thromboplastingeneration test (Pitney, 1956 factor V and factor VII rather than of prothrombin itself. The antihaemophilic globulin concentration was within the normal range, but the Christmas factor activity was markedly reduced in two patients; in Case 3 it was observed to fall as the patient's condition deteriorated. The prothrombin consumption indices, performed at the time of the patient's first examination, were normal. Two patients had subnormal platelet counts, 84,000 per c.mm. (Case 3) and 100,000 per c.mm. (Case 1). Thromboplastin generation tests on patients with Laennec's cirrhosis showed that thromboplastin generation was impaired, using either the patient's plasma or serum in place of normal. The data obtained on Case 3 are shown in Table II . In contrast to the results in Laennec's cirrhosis, the two patients with primary biliary cirrhosis did not show gross disturbance of the plasma coagulation factors, apart from a lowering of Christmas factor in Case 6.
Portal Vein Thrombosis.-Two patients with portal-vein thrombosis, demonstrated by percutaneous transplenic portal venography, were investigated. Liver biopsies showed normal histology. In Case 7 the "Quick time" was prolonged and there was significant reduction of factors V and VII. The patient had suffered from haematemesis from oesophageal varices shortly before admission. After two weeks in hospital the coagulation defect improved, possibly as a result of recovery from the effects of the haemorrhage. In Case 8, with no history of bleeding, no disturbance of the plasma coagulation factors was noted (Table III) . Acute Hepatitis. -Two patients with acute hepatitis were investigated. Case 9 was suffering from infectious mononucleosis and Case 10 from hepatitis presumed to be viral in origin. Factor V was diminished during the acute stage of the disease in both patients. In Case 9 factor VII was reduced to 12% and the Quick time was prolonged. In this patient the coagulation tests became normal before the other biochemical tests and before clinical cure (Table III) .
Obstructive Jaundice.-In two patients the Quick time was prolonged. In Case 11, in which jaundice had been present only a few days, factor VII alone was reduced. In Case 12, in which jaundice had been present for some weeks, factors V and VII were both reduced.
Generalized Amyloid Disease with Liver Involvement.-Three patients with amyloid disease (Table III) ; the Quick time was prolonged and there were deficiencies of both prothrombin and factor VII. The prothrombin consumption index was abnormal (52%, normal less than 40%) and the coagulation time (Lee and White) was 12 minutes (normal 5-10 minutes). Christmas factor was assayed at 3%. In Case 15 the Quick time was markedly prolonged, the Christmas factor was normal, and no bleeding occurred.
Discussion
Pathogenesis of Coagulation Factor Deficiencies in Liver Disease.-There are two mechanisms which may lead to deficiencies of coagulation factors in liver disease. The first is failure to absorb vitamin K which is necessary for the synthesis of factor VII, prothrombin, and possibly Christmas factor (Pitney, 1955 factor deficiency, it is necessary to assay them separately in liver disease. The bleeding time (Duke), coagulation time (Lee and White), and the prothrombin consumption index were normal in patients with cirrhosis when they were first examined, despite major deficiencies in coagulation factors. Thus the Quick one-stage test is the most reliable single test for assessing deficiency of plasma coagulation factors, and a markedly prolonged Quick time is a forewarning of possible bleeding. However, it is doubtful whether, even by assaying the known plasma coagulation factors individually, one may anticipate the onset of bleeding precisely. Summary Investigation of coagulation factors in liver disease has shown a complex pattern of deficiencies in which factor V, factor VII, and sometimes prothrombin are reduced in amount. Platelets are also not infrequently reduced in number.
It has been shown that the level of Christmas factor may also be markedly lowered in patients with severe liver damage, and it is considered that this deficiency contributes to the haemorrhagic state that may occur. The concentration of antihaemophilic globulin remains normal in patients with severe livet damage.
